ABSTRACT. Electric and magnetic optical fields carry the same amount of energy.
Nevertheless, the efficiency with which matter interacts with electric optical fields is commonly accepted to be at least 4 orders of magnitude higher than with magnetic optical fields. Here, we experimentally demonstrate that properly designed photonic nanoantennas can selectively manipulate the magnetic versus electric emission of luminescent nanocrystals.
In particular, we show selective enhancement of magnetic emission from trivalent europiumdoped nanoparticles in the vicinity of a nanoantenna tailored to exhibit a magnetic resonance.
Specifically, by controlling the spatial coupling between emitters and an individual nanoresonator located at the edge of a near field optical scanning tip, we record with nanoscale precision local distributions of both magnetic and electric radiative local densities of states (LDOS). The map of the radiative LDOS reveals the modification of both the magnetic and electric quantum environments induced by the presence of the nanoantenna.
This manipulation and enhancement of magnetic light-matter interaction by means of nanoantennas opens up new possibilities for the research fields of opto-electronics, chiral optics, nonlinear&nano-optics, spintronics and metamaterials, amongst others.
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TEXT. Landau postulated that the oscillation of light in the visible range was too fast to consider the influence of the optical magnetic field on the electrons, 1 justifying the magnetic permeability approximation for macroscopic materials. Nevertheless, at the quantum level, the interaction between light and a quantum emitter is represented by a multipolar expansion of the interaction Hamiltonian: 2 
Hint= -p·E(t) -m·B(t) -[Q ]·E(t) -…(1)
where p and m correspond to electric and magnetic dipoles, E and B to the electric and magnetic fields, and Q to the electric quadrupole. In here, if allowed by the selection rules, the term p·E(t) is orders of magnitude higher than any other term of equation 1, and this is why efforts have been made to mostly control, manipulate and enhance the emission of electric dipole sources. This has been achieved by means of interfaces, 3 cavities, 4 photonic crystals, 5
μ(ω) = μ 0 ∇ and more recently by using plasmonic 6, 7 and dielectric nanoantennas. [8] [9] [10] [11] Although the electric interaction is significantly stronger than its magnetic counterpart, controlling the magnetic component of light-matter interactions remains little explored and could add a completely new degree of freedom in photonics and optoelectronics.
Recently, a series of experimental studies have demonstrated the detection [12] [13] [14] [15] [16] and manipulation of magnetic dipole transitions in lanthanide ions by means of metallic and dielectric interfaces in the visible range [17] [18] [19] [20] and by plasmonic cavities in the near infrared. 21 In addition, in the past few years, theoretical studies have predicted the extraordinary properties of a certain class of photonic nanostructures, 22 in particular low loss dielectric resonators [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] and plasmonic nanoantennas, [36] [37] [38] [39] to strongly enhance the optical magnetic field together with the spontaneous emission of magnetic dipoles, 26, 28, 31, 32, 35, 37, 39, 40 making them ideal to open new avenues in the emerging field of magneto-nanophotonics. Although several interesting studies have aimed at detecting and studying the magnetic component of light, [41] [42] [43] [44] no experimental demonstration of the manipulation of magnetic spontaneous emission by means of nanoantennas has been reported so far at visible wavelengths. In here, we exploit the ability of photonic nanoantennas to interact with either the magnetic or the electric radiative local density of states (LDOS), to experimentally manipulate independently the magnetic and electric emission of luminescent emitters in the visible range. We demonstrate that coupling to a well-designed optical nanoantenna can increase either the magnetic or electric emission of trivalent europium doped nanoparticles, as predicted theoretically. 31, 35, 45 Finally, placing the nanoantenna at the extremity of an optical scanning tip provides full control over near-field interactions and the ability to record nanoscale maps of the relative electric and magnetic radiative LDOS (EMLDOS) around resonant nanostructures. Figure 1f) . Although the resonances appear broad and overlap with both transitions, the magnetic resonance of the MCA will preferentially interact with the magnetic transition of europium and, likewise, for the electric resonance of the EMA. 26 Furthermore, Figure 1f provides the spectral evolution of electric and magnetic field intensities simulated 10 nm below the centre of the MCA and the EMA, respectively (dashed curves): both field intensities are actually inhibited with respect to vacuum (lower than 1) by the nanoantenna and should therefore inhibit electric and magnetic spontaneous emission, respectively, by reciprocity. 48 Figure 2a in near or far field), which happen at the transition 7 F0-> 5 D2 of Eu 3+ . As observed, the collected signals corresponding to electric and magnetic emission are significantly modified when coupling a MCA or EMA to the luminescent nanoparticles. In fact, while it is possible to distinguish emission in the case of the MCA in both electric and magnetic channels, in the case of the EMA, the luminescence intensity in the magnetic channel for single particles is negligible. Qualitatively, this can be better appreciated in Figure 2e ,j where combined pictures are obtained by normalizing the two channels with their respective maxima and by colorcoding the magnetic signal in green and the electric one in red. The contrast is striking. In Figure 2e , corresponding to the MCA coupled to the particle, both magnetic and electrical signals are detected without spatial overlapping, implying that the maxima of the magnetic and electric radiative LDOS are spatially separated. In contrast, in the particles-EMA case (Figure 2j ), the signal is clearly dominated by electric spontaneous emission. and magnetic (EMA) branching ratios). As expected from Figure 2 , we observe two different trends: in the case of the MCA a clear gradient, going from a dominant magnetic to a dominant electric signal, is seen in the nanoscale variations of ; while in the case of the EMA, a constant and essentially electric emission is collected. These trends demonstrate two major effects: first, the EMA is clearly an electric antenna favoring electric emission only.
Second, the MCA has a dual property; it can strongly enhance the magnetic emission at given spatial positions, but it can also have an effect on the electric emission when the particle probes other spatial regions of the antenna.
To provide further insight on the nanoscale photonic properties of these resonators, Figure 3c In addition, it should be mentioned that although the MCA antenna has a cylindrical symmetry, this symmetry is not observed in the branching ratio distributions displayed in Figure 3a . This is explained by a shape asymmetry of the fabricated antenna in the longitudinal direction, at final rim of the cylinder, as observed in Figure 2a : one side of the antenna is lower than the other inducing this asymmetry in the measured signal, as demonstrated below and described in Figure S13 . As well, a possible tilt of the tip with respect to the sample during the experiment might increase this asymmetry.
Importantly, since both magnetic and electric transitions are related to the same excited state, the relative weight of each transition given by the branching ratios is directly related to the increase (or decrease) of the radiative magnetic and electric LDOS induced by the antenna: 18 where represents the magnetic and the electric branching ratios without the photonic antennas (i.e. far field excitation) (Figure 3c and Figure S10 in the Supporting Information), and is the magnetic and the electric radiative LDOS. Note that here, the strength of each magnetic and electric transition (their relative weight) is estimated to be equal to the branching ratios without the antennas (i.e. and ).
From equations 4 and 5 we therefore introduce the relative radiative magnetic and electric Figure 2e and Figure 4c . The remaining discrepancy is probably due to the convolution of the spatial magnetic and electric LDOS distributions by the non-spherical luminescent europiumdoped nanoparticle that is scanned below the MCA. Moreover, the difference in sizes between the combined spots in Figure 4c and f can also be explained by the dimensions of the nanoparticles used experimentally (diameters typically ranging between 50 nm and 70 nm, Figure S2 ), which contributes to a convolution effect with the MCA that exhibits a slightly larger diameter (140 nm).
Finally, in order to fully express the influence of the antennas on their quantum environment in terms of the relative modification of the magnetic and electric LDOS, we define the degree of magnetic emission (DME) as:
Following equation 8, Figure 5a ,b, display the 2D maps of DME for both antennas. Values of DME lower than 0 describe radiative electric LDOS enhancement (where electric emission is enhanced) and above 0, magnetic LDOS increase (where magnetic emission is increased). As expected, the DME in the case of the EMA is everywhere close to -1 ( Figure 5b ).
Interestingly, a large area of about 90x120 nm 2 The authors declare no competing financial interest.
